We measure the radial profile of the photoelastic coefficient C r in single-mode polymer optical fibers (POFs), and we determine the evolution of C r after annealing the fibers at temperatures from 40°C to 80°C. We demonstrate that C r in the fibers drawn from a preform without specific thermal pre-treatment changes and converges to values between 1.2 and 1.6 × 10 −12 Pa −1 following annealing at 80°C. The annealed fibers display a smoothened radial profile of C r and a lowered residual birefringence. In contrast, the mean value of C r of the fiber drawn from a preform that has been pre-annealed remains constant after our annealing process and is significantly higher, i.e., 4 × 10 −12 Pa −1 . The annealing process decreases the residual birefringence to a lower extent as well. These measurements indicate the impact of annealing on the thermal stability of the photoelastic coefficient of POFs, which is an essential characteristic in view of developing POF-based thermomechanical sensors. © 2016 Optical Society of America Polymer optical fibers (POFs) are claimed to offer an interesting alternative to glass optical fibers for sensing applications [1] [2] [3] . This essentially stems from the different material properties in terms of physical and chemical characteristics of polymers compared to glass. More specifically and, for example, POFs are more flexible, they can handle larger mechanical strains, they can be processed with organic chemistry techniques, and they can be made biocompatible [4] .
Few publications deal with the physical material characteristics and, specifically, the photo-elastic properties of POFs [5] [6] [7] [8] [9] . This is in contrast to silica fibers, for which these properties are relatively well documented [10] [11] [12] . The knowledge of these characteristics, along with the impact of the fabrication process on their values, is nevertheless important in view of designing and fabricating optical fibers dedicated to sensing applications. In this Letter, we focus on the stress-optic coefficients C 1 and C 2 as material dependent parameters that link the change of the refractive index in the fiber caused by an external load and, more particularly, on the photoelastic constant C C 1 − C 2 . Our research has been prompted by [13] , which reported that annealing of POFs partially relieves frozenin stresses induced by the fiber drawing process, and which results in an increase of the sensitivity to stress and strain of the fiber. Additionally, Ref. [14] reports that annealing the fiber reduces the cross-sensitivity of POF-based sensors to both temperature and strain variations.
We have recently developed a method to determine the stress-optic constant C and its radial distribution in the fiber cross section, with the measurement method and algorithm detailed in previous publications [15] [16] [17] . The main steps of our method are briefly recalled here for the sake of completeness. We illuminate the optical fiber transversally (along the x-axis) with monochromatic light at 633 nm, polarized at 45°with respect to the fiber axis. The wave vector is perpendicular to the fiber axis taken along the z-axis. Additionally, the fiber is immersed in index matching liquid to avoid refraction phenomena at the fiber-air boundaries. During illumination, we apply a known axial load inducing a normal stress σ z which is assumed to be constant over the fiber cross section. In its turn, the normal stress induces birefringence in the fiber, which causes a phase shift between the two linear polarized components of the illumination. This is observed as a projected retardance R y following propagation through the fiber, where y is the other transversal coordinate. R y is related to the normal stress by means of the inverse Abel transform [18] :
We can derive the photoelastic constant from Eq. (1). It is the regression coefficient Cr linking the inverse Abel transform of R y and the known axial stress σ z . r is the radial distance from the center of the fiber, and b is the radius of the fiber. We measure R y using the Sénarmont compensation method. We use a polarizing microscope to achieve a full-field view of the retardance. The algorithm to calculate the inverse Abel transform of R y is based on Fourier theory and is extensively described in [15, 16] , along with the discussion of measurement results on glass optical fibers.
Note that the mean value of C can also be determined. If one assumes that σ z and C are constant over the fiber cross section, the shape of R y can be approximated with a semi-ellipse E y. The inverse Abel transform of E y is constant and depends solely on the semi-short and the semi-long axes of the ellipse. The expression between the axial stress and the retardance then becomes
where b is the fiber radius, and a maxabsR y; σ z the axial stress, and K 0 is a constant defined by the inverse Abel transform of the retardance caused by the residual birefringence of the fiber when it is not submitted to an external load. Again, C is the regression coefficient that has to be determined. The elliptical approximation therefore also allows estimation of the residual birefringence in the fiber, assuming that K 0 is constant over the fiber cross section.
Using the technique explained above, we determine Cr in samples of three similar single-mode step-index polymer optical fibers, labeled Fibers 1 to 3, drawn in the same facility with similar drawing conditions [19] [20] [21] . The draw tension for all three fibers was below 1N. The core and cladding dimensions of the fibers are, respectively, 10 μm/110 μm, 10 μm/ 133 μm, and 12 μm/260 μm. The core of the fibers is composed of poly-ethyl methacrylate and poly-benzyl methacrylate (PEMA/PBzMA) [22] , while the cladding is made of polymethyl methacrylate (PMMA). Variations in drawing conditions can, for example, lead to core/cladding ratio differences resulting from fluctuating fluid dynamic responses of the two polymers (PMMA and PEMA/PBzMA); yet, the largest part of the fiber consists of PMMA considering the small dimensions of the core. Fibers 1 and 2 are fabricated from the same preform, while Fiber 3 was obtained from a second preform. The preforms were obtained following thermal curing of the polymer. For the first preform, the temperature was increased from 45°C to 75°C within four days. The second preform was obtained after heating from 36°C to 88°C within 4.5 days until solidification. The preforms were then heat-drawn into optical fibers at, respectively, 220°C and 225°C.
We first determine both the mean value of C and Cr for the pristine samples. We then anneal the samples for 8 h at, respectively, 40°C, 60°C, and 80°C; we determine the mean value of C and Cr following each annealing step. PMMAbased POFs are well known to be sensitive to humidity [23] [24] [25] . While we could not control the history in terms of exposure to environmental temperature and humidity changes between their fabrication and arrival in our laboratories, we emphasize that between the annealing steps carried out in our labs, all fiber samples were stored and measured in the same temperature (20°C) and relative humidity (50%) controlled cleanroom and, therefore, in the same environmental conditions. To ensure that the fibers were uniform along their lengths, we have carried out measurements on several fiber portions taken from a single fiber length. We obtained similar results in terms of value of C (not shown here for the sake of conciseness), which confirms the axial uniformity of the measured fibers. Figure 1 illustrates the results obtained for Fibers 1 and 2. Similar graphs are obtained for Fiber 3. The constant K 0 of the fiber clearly decreases with increasing annealing temperatures, indicating the decrease of the residual birefringence and, hence, of the residual stress in these samples. K 0 in the samples annealed at 80°C is 36% lower for Fibers 1 and 2, and 17% lower for Fiber 3 compared to the pristine samples.
The mean value of the stress-optic coefficient tends to reach comparable values between 1.2 × 10 −12 Pa −1 to 1.6 × 10 −12 Pa −1 for the three fibers. Table 1 summarizes the values of C and the constant K 0 we measured on the three fibers for increasing annealing temperature.
The radial profile Cr of the pristine fiber samples and those of the samples annealed at 40°C and 60°C are comparable. After annealing at 80°C, however, the effect of the higher temperature is clearly visible. Therefore, and for the sake of clarity, we only compare the Cr profiles before annealing and after annealing at 80°C in Fig. 2 . This annealing process increases the value of the mean stress-optic constant. The variance of the measurements of Fiber 2 without annealing is slightly higher than that of Fiber 1. This has a direct impact on the calculation and result of the inverse Abel transform of the retardance. Our results clearly show the effect of annealing the POFs at a higher temperature. The variance decreases in both fibers, which explains a smoother and more constant Cr profile throughout the fiber cross section. Note that the overshoot at r 0, i.e., in the center of the fiber, stems from a numerical artifact of the inverse Abel transform. The height of the overshoot depends on the amount of Fourier coefficients considered in the expansion of the inverse Abel transform, as we explained in detail in [15] , and cannot be related to an actual property of the optical fiber.
To substantiate our findings, we repeated the same measurements on two other types of single-mode polymer fibers (Fibers 4 and 5). Fiber 4 has a PMMA core doped with 5% polystyrene and a cladding composed of pure PMMA [26, 27] . Fiber 5 also has a PMMA cladding and a core composed of PMMA doped with 2,4,6-trichlorophenil methacrylate. The preform of Fiber 5 was annealed for two weeks at 80°C before the fiber was heat-drawn at 290°C with a draw tension below 1N. The core/cladding dimensions of these two fibers are, respectively, 9 μm/110 μm and 4 μm/210 μm. Figure 3 shows the mean value of C. The impact of annealing on Fiber 4 is comparable to that on Fibers 1 to 3. K 0 decreases significantly, while the mean value of C increases from −2.63 × 10 −13 Pa −1 to 1.60 × 10 −12 Pa −1 . In Fiber 5, for which the preform has been annealed prior to drawing, the decrease of K 0 is less pronounced (7.7%), but the mean value of C also remains almost constant. Figure 4 shows the radial profile of the stress-optic constant for both fibers measured before and after annealing at 80°C. The evolution of the radial profile of Cr for Fiber 4 is comparable to our previous findings. The radial profile of Cr of Fiber 5, however, is not affected by the annealing process. Recall that the preform of this fiber has been annealed for two weeks at 80°C. Note also that for Fiber 5, we find a value of C of 4 × 10 −12 Pa −1 , which is larger than the values measured for Fibers 1 to 4.
To conclude, we have determined the radial profile of the photoelastic constant Cr and its mean value in five different polymer optical fibers. We have also analyzed the effect of annealing on that material parameter, and we quantified the impact of annealing on the residual stress in the POF. Annealing at 40°C and 60°C did not significantly affect Cr and K 0 for any of the fiber samples. Annealing at a higher temperature, i.e., 80°C, of fibers drawn from a preform without any specific annealing treatment did impact both parameters. The radial profile of Cr is more regular and clean, which may indicate a reduced variation of the material parameter C throughout the fiber section and an increased homogeneity in the cross section of the POF. Additionally, annealing increases significantly the mean value of Cr, but decreases the residual birefringence throughout the fiber section. This may explain the findings reported in [14] i.e., the higher sensitivity to stress and strain, but a lower cross-sensitivity to strain and temperature of the annealed fiber.
The effect of annealing on a POF of which the preform has been annealed prior to drawing is different. This fiber is much less sensitive to thermal treatment, as shown with Fiber 5.
In future work, we will address the actual influence of annealing on the strain sensitivity of the fiber.
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